Abstract. Multiple myeloma (MM) represents a rare form of post-transplantation lymphoproliferative disorder, and the presence of plasma cells in the liver is generally associated with aggressive forms of MM. In the present study, an unusual case of extramedullary plasmacytoma, affecting the liver and vertebrae of a recipient of a renal transplant, is reported. The patient had been previously treated with bortezomib for an MM following renal transplantation, as diagnosed by percutaneous needle biopsy of the hepatic lesion. He was then treated with 5 cycles of RCD regimen (lenalidomide, 25 mg, days 1-21; cyclophosphamide. 50-100 mg, days 1-21; and dexamethasone, 20 mg, days 1, 8, 15 and 22). The patient achieved partial clinical remission without any severe therapy-associated toxicity effects, indicating that lenalidomide is an effective and safe treatment for extramedullary liver plasmacytoma in renal recipients. In conclusion, the present case study indicated that the RCD regimen was effective and safe in the treatment of relapsed and refractory MM.
Introduction
Compared with the general population, recipients of a kidney transplant have an increased risk of developing various types of cancer (associated and non-associated with infections), due to the immunosuppressant treatment that must be maintained in order to prevent and treat acute rejection of the organ (1). The incidence of secondary cancer increases with the time from the transplant (2) . Post-transplant lymphoproliferative disorders (PTLDs) are frequent in patients who receive immunosuppressants, including anti-thymocyte and -lymphocyte globulins or muromonab-CD3, or those who are infected de novo by Epstein-Barr virus (EBV) through the transplanted kidney (3) . PTLDs may present early or late; be nodal, extranodal, polymorphic or monomorphic; and follow an indolent or aggressive clinical course (3) . In contrast to classical PTLDs, there are limited studies on plasma cell malignancies that occur following solid organ transplantation. Multiple myeloma (MM) represents ≤4% of all PTLDs, and is associated with a poor response to discontinuation of immunosuppression and conventional therapy, and a short median survival rate (4, 5) . Generally, the presence of plasma cells in the liver is associated with aggressive forms of MM (6, 7) . In the present study, the case of a patient who developed post-transplant MM with extramedullary liver plasmacytoma 11 years following renal transplantation, and was successfully treated with lenalidomide, is reported.
Case report
In February 2012, a 45-year-old female was admitted to The First People's Hospital of Changzhou (Changzhou, China) with complaints of pain in the left shoulder. Due to chronic renal failure, the patient had received a cadaveric kidney transplantation at the same hospital on November 2 nd 2001, and was subsequently administered immunosuppression composed of 250 mg/day cyclosporine, 50 mg/day azathioprine and 25 mg/day prednisone, in a dose-tapering manner. From June 2002, the patient received 200 mg/day cyclosporine for maintenance therapy to prevent renal rejection. The patient exhibited normal renal function during the follow-up period.
In March 2008, the patient developed a left nasal obstruction. Computed tomography (CT) scan revealed a soft tissue mass in the left nasal cavity, which was surgically excised. The post-operative histological study confirmed the presence of extramedullary plasmacytoma, and immunochemical (8) . The patient refused treatment with the novel agent bortezomib, due to the high cost, and instead, the patient received modified VADT regimen (vincristine, 0.4 mg, days 1-4; doxorubicin, 10 mg, days 1-4; dexamethasone, 40 mg, days 1-4; and thalidomide, 50-150 mg, days 1-28) for a total of 3 cycles (28 days/cycle).
The patient experienced clinical complete remission in June 2012, and exhibited negative serum immunofixation electrophoresis, 2% mature plasma cells in the bone marrow smear and no hypercalcemia, renal failure or anemia. Next, the patient received a fourth cycle of VADT regimen, followed by 3 cycles (28 days/cycle) of TD regimen (thalidomide, 100 mg, days 1-28; and dexamethasone, 40 mg, days 1-4), as maintenance therapy. During the chemotherapy treatment, the patient was administered a reduced dose of immunosuppressive therapy (rapamycin, 2 mg/day; and MMF, 1.0 g twice daily, tapered to 0.5 g twice daily). During the follow-up, the patient underwent monthly urine analysis, and the measurements of blood urea nitrogen, creatinine, serum Igs and light chain remained unaltered.
In March 2013, during a routine follow-up, increased levels of serum IgG (28 g/l) were detected, which were confirmed to be M protein by serum immunofixation electrophoresis, suggesting asymptomatic relapse of MM. In consequence, the patient was again advised to receive novel therapeutic agents such as bortezomib or lenalidomide, but the patient selected to receive 3 cycles of the previous VADT regimen. However, the patient's condition gradually deteriorated, and in June 2013, levels of serum IgG increased to 57 g/l, with positive serum immunofixation electrophoresis, indicating that the VADT regimen was no longer effective to treat the relapse. Therefore, the patient was administered novel agents for rescue therapy. The subsequent evaluation demonstrated negative serum immunofixation electrophoresis with normal IgG levels and absence of abnormal plasma cells in bone marrow smear. Thus, the patient experienced a complete clinical remission for the second time in November 2013. The patient then accepted TD regimen instead of bortezomib for maintenance therapy, followed by monthly routine laboratory investigations, including ultrasonography of the abdomen, which remained unaltered.
However, 3 months later, in early February 2014, the patient suddenly experienced fever with a temperature of 38.7˚C and onset of fatigue, progressive lumbago and non-tender skin mass of the submaxilla. The subsequent abdominal ultrasound identified a diffused hypoechoic lesion in the liver, with a maximum diameter of 8.0x6.5 cm. Full blood count examination demonstrated levels of hemoglobin (84 g/l), hematocrit (35.6%), mean corpuscular volume (86 fl), white blood cells (8.79) and platelets (134x10 9 cells/l). The results of the liver function tests were in the normal range. The levels of serum total protein were 28 g/l, and protein electrophoresis detected the presence of a monoclonal band in the γ region, which was identified as IgG-λ by immunofixation. Markers for hepatitis C and B virus and serum anti-EBV antibody were negative. Upper abdominal non-enhanced CT scan indicated the presence in the hepatic parenchyma of multiple round-shaped and well-defined lesions of variable sizes with low attenuations. Following administration of contrast agents, the enhancements of the lesions appeared mild and heterogeneous. Based on the clinical information available, these observations were considered to be due to myeloma (Fig. 1A) . Magnetic resonance imaging (MRI) of the lumbar vertebrae detected the presence of a soft mass and multiple patchy lesions with high attenuations in the T12 thoracic and L1-L4 lumbar vertebrae, and swelling of the spine, spinal accessory, S1, S2 and soft tissue around S1 and S2 (Fig. 2A) . Therefore, a CT-guided percutaneous needle biopsy of the hepatic lesion was performed, and the histological study demonstrated diffused prolifera- plasmacytoma (Fig. 3) . The bone marrow aspirate revealed 6% plasma cell infiltration, and CD138 sorting interphase FISH of bone marrow cells detected 1q21 amplification. Furthermore, increased levels of serum IgG (62 g/l) were measured, which were confirmed to correspond to M protein by serum immunofixation electrophoresis.
The patient experienced a rapid relapse 3 months subsequent in February 2014 to the CyBorD regimen, thus, the patient was initiated instead on an RCD regimen (lenalidomide, 25 mg, days 1-21; cyclophosphamide, 50 mg, days 1-21; dexamethasone, 20 mg, days 1, 8, 15 and 22) for 2 cycles (28 days/cycle), from March 14 th to May 10 th 2014. The next re-evaluation demonstrated that the levels of serum IgG had reduced to 27 g/l, and ultrasonography indicated that the hepatic mass had markedly reduced in size to 6.8x5.5 cm, indicating that the extramedullary liver plasmacytoma was sensitive to the RCD regimen.
Subsequently, the patient received third and fourth cycles of RCD, and the following upper abdominal CT scan, performed July 1 st 2014, revealed that the extramedullary liver plasmacytoma had markedly reduced (Fig. 1B) , while the levels of hemoglobin and serum IgG were 114 and 13.6 g/l, respectively. During the fourth cycle of RCD, the patient experienced transient agranulocytosis with pulmonary infection. Once the infection had been controlled, the patient did not present symptoms of fever or lumbago. Furthermore, the patient experienced a recovery of myelosuppression, indicating that the patient had achieved partial remission following 4 cycles of RCD regimen.
On August 25 th 2014, the patient received the fifth cycle of RCD, and the subsequent abdominal CT demonstrated a further reduction in size, although no complete disappearance, of the round-shaped lesions present in the hepatic parenchyma (Fig. 1C) . On August 26 th 2014, lumbar vertebrae MRI disclosed a marked reduction of the soft tissue mass in T12 and alleviated swelling of the soft tissue around S1 and S2 (Fig. 2B) . Currently, the patient is undergoing outpatient follow-up and receiving RCD regimen for maintenance therapy. The study was approved by the ethics committee of the First People's Hospital of Changzhou, Third Affiliated Hospital of Suzhou University (Changzhou, P.R. China).
Discussion
Secondary cancer is a major complication of renal transplant, due to the immunosuppressant treatment required for preventing renal rejection. Secondary cancer following renal transplant results in significant rate of short-and long-term mortality, accounting for 30% of mortalities among renal transplant recipients with a follow-up >20 years (2,9-11). PTLD is a potentially fatal complication of solid organ transplantation, and comprises various lymphoid lesions, ranging from polymorphous reactive proliferations to monomorphous malignant lymphomas (12, 13) . The majority of these disorders are considered to be driven by EBV infection and subsequent proliferation of B cells in a weakened host. Previous studies have detected EBV-encoded RNA (EBER) in the neoplastic cells of the host, suggesting the implication of the EBV genome in the pathogenesis of PTLD (2). EBV-naïve patients who receive an organ from an EBV-infected donor present the highest risk of developing PTLD (10) . There are several treatments available for PTLD, including reduced immunosuppression, surgical excision, chemoradiotherapy, anti-CD20 antibody therapy and infusion of EBV-specific cytotoxic T cells, all with variable results (13) .
Post-transplantation plasma cell neoplasms (PCNs) are a monomorphous type of PTLD derived from plasma cells, which (16) reported the occurrence of EBV-associated post-transplant MM in a 16-year-old male. Plasmacytoma is a tumor of terminally differentiated monoclonal plasma cells, and a frequent complication of MM, appearing at diagnosis or during disease progression (5, (20) (21) (22) (23) . Post-transplant plasmacytomas have been described at several sites, including the allograft, skin, peritoneum, gastrointestinal tract and gingiva. To the best of our knowledge, extramedullary plasmacytoma of liver is associated with aggressive forms of MM, and its presumptive ante mortem diagnosis is often based on clinical findings, such as hepatomegaly and alterations of the liver function detected by laboratory tests. Cases of myeloma with involvement of the liver have been previously reported (24) . In the present case report, the patient developed nasal plasmacytoma 7 years following renal transplantation, and experienced relapsed MM with extramedullary liver plasmacytoma 4 years subsequent to this. The patient did not exhibit a large number of abnormal plasma cells in the bone marrow cells, in agreement with previous studies (5, 20, 22, 23) . In this case, deceased donor and EBV infection are the 2 major association factors for the post-transplantation PCN observed in the patient.
Various treatment options currently exist for eligible patients with MM, including induction therapy, which usually involves novel biologic agents, followed by autologous stem cell transplantation (25) . CyBorD regimen (cyclophosphamide, bortezomib and dexamethasone) has been demonstrated to be effective in the treatment of MM, and produces a rapid and complete hematological response in the majority of patients (26) . However, this treatment is generally not considered curative, and relapses usually occur. To the best of our knowledge, extramedullary relapse is an uncommon presentation, and relapses that involve the liver have rarely been described (24) . Extramedullary plasmacytoma confers a poor prognosis, since it is resistant to conventional treatments, due to its distinct molecular and histological features (27) (28) (29) . There are very limited data from randomized trials regarding the most appropriate systemic treatment for extramedullary plasmacytoma. Previous case reports suggested that lenalidomide is an effective agent, in combination with dexamethasone, and previous cases of MM relapse following autologous stem cell transplant presenting with diffuse pulmonary nodules exhibited good response to the treatment with bortezomib, dexamethasone and lenalidomide (27) (28) (29) (30) (31) .
Au et al (32) reported a case of PTLD presenting as an EBV-associated nasal plasmacytoma in a renal allograft recipient 13 years following transplantation. In order to treat the condition, the authors conducted a non-myeloablative HSCT with peripheral blood hematopoietic stem cells from the kidney donor. In their report, Au et al (32) described the occurrence, in a renal allograft recipient, of an MM with extramedullary liver plasmacytoma. In the case of the patient in the present study, the existence of nasal, scapula and liver plasmacytoma was confirmed by post-operative histopathological examination and CT-guided percutaneous needle biopsy of the hepatic lesion, despite the clinical findings of multiple hepatic masses. FISH analysis for EBER was positive in the hepatic lesion, indicating that the PCN was associated with EBV infection. Following the occurrence of a second relapse, CyBorDT regimen was initiated, which resulted in a fast and positive clinical response, in agreement with previous literature reports (26) . However, the patient experienced a third relapse with extramedullary liver plasmacytoma 3 months later, and in consequence, the RCD regimen was initiated to avoid bortezomib resistance. The RCD was combined with intermittent ganciclovir for EBV infection. The patient experienced partial remission, suggesting that the novel immunomodulator lenalidomide is an effective agent to treat extramedullary liver plasmacytoma. However, this treatment is generally not considered curative, and relapses may occur. Therefore, auto-transplantation or non-myeloablative HSCT should be considered in the future.
In summary, the unusual case reported in the present study raises several notable questions with regards to the pathogenesis, clinical behavior and treatment of post-transplant extramedullary liver plasmacytoma. Additional studies are required to establish the appropriate management of this condition.
